Background: The prevalence of pregnancy-induced hypertension in Ethiopia ranges from 2.2 to 18.3%. However, so far little is known about the adverse perinatal outcomes of pregnancy-induced hypertension in Tigray regional state, Ethiopia. Therefore, the objective of this study was to assess the effect of pregnancy-induced hypertension on adverse perinatal outcomes in Tigray Regional State, Ethiopia.
Introduction
Pregnancy-induced hypertension (PIH) was defined as new hypertension that appears at 20 weeks or more gestational age of pregnancy with or without proteinuria, which includes gestational hypertension, preeclampsia, and eclampsia [1] [2] [3] . Hypertension is defined as a sustained systolic BP ≥140 mmHg or diastolic BP ≥ 90 mmHg based on the average of at least two measurements, using the same arm [4] . Globally, PIH is a significant public health threat both in developed and developing countries contributing to high perinatal deaths [5] . PIH complicates 2-8% of pregnancies in the Western world [6] . However, the magnitude of PIH in developing countries reaches up to 16 .7% [7] . Additionally, the available literature in Ethiopia showed a high burden of PIH which ranges from 2.23 to 18.25% [8] [9] [10] [11] [12] [13] . Similarly, according to the finding of a study conducted in Tigray regional state, PIH was among the leading obstetric causes of maternal mortality in the region and the prevalence of PIH reported in this study was 8.1%, this was higher than the national pooled prevalence of PIH (6.29%) [14] [15] [16] .
Different studies conducted in developed and developing countries on adverse perinatal outcomes of pregnancyinduced hypertension showed that PIH was associated with higher rates of morbidity and mortality such as preterm delivery, low birth weight, birth asphyxia, stillbirth and early neonatal death [17] [18] [19] [20] [21] [22] . Similarly, studies conducted in Africa revealed that adverse perinatal outcomes such as perinatal death, low birth weight, preterm birth, and birth asphyxia were associated with PIH [23] [24] [25] . However, the risk and incidence of adverse perinatal outcomes of PIH vary across countries, populations and ethnic-geographic areas.
In Ethiopia, despite the inconsistent findings on the incidence of adverse perinatal outcomes across the studies, the available limited studies revealed a higher incidence of low birth weight, stillbirth, early neonatal death, birth asphyxia and preterm birth among women with PIH [26, 27] . However, so far little is known about the adverse perinatal outcomes of PIH in Tigray regional state. The available studies conducted in Ethiopia were descriptive they did not address the association between PIH and adverse perinatal outcomes. Additionally, most of the studies conducted in Ethiopia were used retrospective study design which might have introduced bias due to incompleteness and misclassification of the data at the health facilities. Thus, this prospective cohort study helps to explore the effect of PIH on the adverse perinatal outcomes and reduces the bias-related with incompleteness and misclassification of the data.
Methods

Study setting, design and period
A prospective cohort study was conducted in multiple hospitals of Tigray regional state. Tigray regional state is located in the northern part of Ethiopia bordered by Eritrea to the north, Sudan to the west, Afar region to the east and Amhara region to the south. The source population for this study was all pregnant women who attend antenatal care at general hospitals located in Tigray from February 2018 to February 2019. General hospitals provide outpatient and inpatient services to the general population which includes medical, surgical, pediatric, accident and emergency services, maternal and child health (MCH), and obstetric and gynecological care, and other relevant services. In addition, general hospitals serve as a referral center to primary health care units. There are fifteen general hospitals in Tigray regional state from those the following eight hospitals entirely distributed in the region namely Lemlem Carl, Mekelle, Adigrat, Adwa, Saint Marry Axum, Suhul Shire, and Kahsay Abera hospitals were included in this study. Those selected hospitals can represent the larger region since more than 50 % of the hospitals in the region were included in this study. General hospitals provide both basic and comprehensive emergency obstetric and newborn care. The average number of delivery in each hospital is around 1600 per year. All the hospitals included in this study provide comprehensive diagnostic and management services for hypertensive disorders of pregnancy starting from the mild form of gestational hypertension to the severe forms of preeclampsia/eclampsia.
Inclusion and exclusion criteria
Women with PIH and normotensive women in each antenatal care clinic of the hospitals were enrolled to study by reviewing their blood pressure level and proteinuria. Pregnancy-induced hypertension was defined as new hypertension (systolic BP ≥140 mmHg and/or diastolic BP ≥ 90 mmHg) that appears at 20 weeks or more gestational age of pregnancy with or without proteinuria (includes preeclampsia, eclampsia, and gestational hypertension). Pregnant mothers diagnosed with PIH during the data collection period in the selected antenatal care clinic of the hospitals were included as exposed participants and women without PIH during the same period were also enrolled as a non-exposed participant. Pregnant women with chronic hypertension, critically ill women who could not give consent, women who could not respond to the interview and those pregnant women likely to become "lost" e.g., planning to move, unwilling to return for the prospective follow up period were excluded from this study at the time of enrollment. There were no other restrictions (like maternal age, singleton pregnancies, etc.).
Sample size determination and sampling procedure
A double population proportion formula was used to calculate the sample size. The maximum sample for this study was calculated from the outcome variable stillbirth by considering the following assumptions; two-sided confidence level of 95%, the power level = 80%, r = the ratio of exposed to unexposed group 1 to 2, p 1 = proportion of stillbirth among women with PIH 5.4% [23] , p2 = proportion of stillbirth among normotensive pregnant women 1.3%) [23] . With the consideration of a 10% loss to follow up a total of 798 study participants (266 participants with PIH and 532 normotensive participants) were finally included in this study.
From a total of fifteen general hospitals providing maternal health services like antenatal care, delivery and postnatal care services in Tigray regional state, randomly eight hospitals were selected using a simple random sampling technique. The calculated sample size was proportionally allocated to selected hospitals based on the number of pregnant mothers attending antenatal care in each hospital. Women with PIH were recruited consecutively until we get the required sample and two normotensive women next to diagnosed PIH cases were selected by a systematic sampling method using antenatal care registration as a frame list.
Data collection instruments and quality assurance
A structured questionnaire containing information on socio-demographic characteristics (maternal age, residence, educational status, and employment), obstetric and reproductive health history information's like gravidity, prior history of PIH, maternal undernutrition ((MUAC< 23 cm), history of anemia, current PIH status, and perinatal outcomes were used to collect the data. Wealth index of participants was assessed using socioeconomic variables like durable asset ownership, ownership of housing, type of floor and roof materials, ownership of farmland, farm animals, number of people in a household, number of rooms in the household, access to utilities and infrastructure (sanitation facility and source of water supply). The questionnaire was prepared by reviewing research articles, demographic health survey (DHS) tools, WHO survey tools and published works on PIH then adapted to the local context [21, 23, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Overall the questionnaire of this study was initially prepared in English version and translated to the local language called Tigrigna by a language expert and back converted again to English by another person to check the consistency.
Midwives and nurses having experience in research assistance were involved in the data collection and supervision. Training was provided for all data collectors and supervisors before the commencement of the actual data collection. The training focused on the objectives of the study, ethical issues, interviewing techniques, inclusion criteria of the study, follow up procedures of the study and overall contents of the data collection instrument. Before starting the actual data collection, a pretest was done for the data collection instruments. Necessary corrections on the data collection instrument were made based on the result of the pretest.
Data collection procedure
The recruitment of study participants was carried out from February to November 2018. Women who fulfill the inclusion criteria were enrolled in the study during antenatal care. Participants were enrolled at 28-35 weeks of their gestational age. The follow-up period varies between participants depending on the time of enrollment to the study and the gestational age at enrollment. However, the overall follow up period was from February 2018 to February 2019. All selected women were followed by data collectors prospectively through pregnancy, delivery and the postnatal period to assess adverse perinatal outcomes of PIH. Data regarding maternal socio-demographic characteristics, medical and obstetric history using an interviewer-administered questionnaire and PIH status using medical records were collected during enrollment. At the second phase within 24 h of delivery, information about the adverse perinatal outcomes such as birth asphyxia, birth weight, and gestational age at delivery, stillbirth and early neonatal death were collected from medical records. During the third phase within the postnatal period of three to 7 days, data regarding early neonatal death and early neonatal admission to NICU were collected from medical records. The definition of outcomes was based on world health organization and other related literature [37] [38] [39] . Close supervision and checking of filled-in questionnaires were done by the field supervisors deployed with the data collectors. The overall data collection process was coordinated and supervised by the principal investigator.
Definition of outcomes
The adverse perinatal outcome was defined as a newborn with the occurrence of any of the following outcomes low birth weight, birth asphyxia, small for gestational age, preterm delivery, admission to neonatal intensive care unit and perinatal death. Birth asphyxia was defined as a baby with trouble in breathing (gasping or breathing very irregularly or no breathing). Stillbirth was defined as a baby born with no signs of life at or after 28 weeks' gestation [37] . Small for gestational age of pregnancy defined as a birth weight of newborn below the tenth percentile of weight distribution at the specified gestational age of a pregnancy [39] . Low birth weight was defined as a baby with a birth weight less than 2500 g [38] . Preterm delivery was defined as the delivery of the baby below 37 weeks gestation [38] . Low Apgar score defined as a newborn baby with an Apgar score of less than 7 at 1 and 5 min.
Data analyses methods
Descriptive statistics, frequencies and percentage for categorical variable and summary statistics for continuous data (mean with standard deviation in normally distributed data or median with IQR if the data was not normally distributed) were used to characterize the study population. The normality distribution test was done using the Kolmogorov-Smirnov test and we considered as normally distributed if p-value > 0.05. Independent ttest was used to assess the mean difference between groups. The wealth index of participants was computed using principal component analysis (PCA) from socioeconomic variables. Due to the convergent problem in log-binomial regression analysis, a modified Poisson regression model with robust standard errors was used to calculate relative risk using STATA version 14 software (research resource identifiers (RRIDs: SCR_ 012763)) to identify the effect of PIH on adverse perinatal outcomes. Maternal age, wealth status, educational status, residence, gravidity, type of pregnancy (single or multiple births) and mode of delivery, anemia status, maternal undernutrition variables were controlled in the statistical models. After adjusted for confounders relative risk with 95% confidence interval and p-value < 0.05 was considered to declare statistical significance.
Results
Socio-demographic characteristics of study participants
Overall a total of 260(97.7%) women with PIH and 522(98.1%) normotensive pregnant women had completed the study (Fig. 1) . The reasons for the loss-to-follow-up study were traveling to other places for assistance during pregnancy and delivery. The mean maternal age of women Fig. 1 A flow diagram of study participants with PIH and normotensive women was more or less similar (27.27 vs 27.34 years respectively). Women with PIH were more likely residing in rural areas than normotensive women (31.5% vs 16.7%). The proportion of primigravidas were more likely higher among women with PIH than normotensive women (41.2% vs 31.8%). In addition, women PIH were less likely to be in the highest wealth status than normotensive women (20.1% vs 40.0%). The proportion of history of anemia was higher among women with PIH than normotensive women (27.3% vs 10%). ( Table 1 ).
Incidence of adverse perinatal outcomes among study participants
Nearly 66.4% of women with PIH and 22.2% of normotensive women developed adverse perinatal outcomes in their newborns. The incidence of birth asphyxia was higher among newborn babies delivered from women with PIH than normotensive women (46.5% vs11.3%). Similarly, low birth weight babies were higher among women with PIH than normotensive women (37.7% vs 6.1%). The mean birth weight of babies born from women with PIH was 2647.2 g and 3176 g among normotensive pregnant women (ttest = − 11.66, p-value < 0.001). In addition, 36.7% of babies born from women with PIH and 10.7% from normotensive women were small for gestational age. The proportions of admission to the neonatal intensive care unit were higher among newborns delivered from women with PIH than normotensive women (28.8% vs 5.4%). Additionally, higher preterm births occurred among pregnant women with PIH than normotensive pregnant women (40.8% vs 5.6%). Women with PIH were more likely to have a lower gestational age at delivery than normotensive women (37.3 ± 2.5 weeks vs. 39.0 ± 1.6 weeks, p = 0.001).
Stillbirths occurred in 10.0% of women with PIH and 1.7% normotensive pregnant women respectively. The stillbirth rate among women with PIH was 100/ 1000 live births.
Moreover, early neonatal death occurred in 5.0% of mothers with PIH and 1.0% of normotensive mothers. Overall perinatal death occurred in 15.0% women with PIH and 2.5% normotensive pregnant women. Similarly, the perinatal mortality rate among women with PIH was 150 per 1000 live births and 25 per 1000 live births among normotensive pregnant women (Fig. 2) .
Risk of adverse perinatal outcomes associated with pregnancy-induced hypertension
The risk of birth asphyxia (adjusted relative risk (aRR) = 2.69, 95%CI (1.91,3.80)), low birth weight (aRR = 5.13 (3.36,7.84)), preterm newborn (aRR = 5.19(3.37,7.99)), small for gestational age (aRR = 3.3(2.3,4.6)), admission to NICU (aRR = 3.29(2.33,4.65)), stillbirth (aRR = 3.46(1.40,8.54)) and perinatal mortality (aRR = 3.67(1.83, 7.38)) were significantly higher in women with pregnancy-induced hypertension compared to normotensive women after adjusted by maternal age, wealth status, educational status, residence, gravidity, mode of delivery, anemia and maternal undernutrition status ( Table 2 ).
Discussion
The aim of this study was to assess the effect of pregnancyinduced hypertension on adverse perinatal outcomes. Based on this we found that women with PIH showed a higher risk of adverse perinatal outcomes such as low birth weight, birth asphyxia, small for gestational age, preterm delivery, stillbirth, admission to NICU and perinatal death compared to normotensive pregnant women.
The burden of PIH is common in Ethiopia. Many mothers and newborns are affected by the adverse outcomes of PIH. There are many causes for this problem such as poor access to health service and quality of maternal and newborn care in Ethiopia. Therefore, the rationale for this study was to help policymakers and programmers to have a clear picture about the effect of PIH on adverse perinatal outcomes to make an evidence-based decision and mobilize resources for the management of PIH and its associated perinatal complications in the region. It will also guide health care providers working in clinical areas to make evidence-based decisions for the prevention and management of adverse perinatal outcomes of PIH.
Specifically, findings of this study revealed that 37.7 and 40.8% of women with PIH delivered low birth weight (LBW) and preterm babies respectively. These findings were higher than the studies conducted in Ghana (24.7% LBW and 21.7% preterm), India (22.2% LBW and 24.6% preterm) and São Paulo city (21.0% LBW and 10.6% preterm) [40] [41] [42] . The difference in the incidence of low birth weight and preterm birth across studies could be due to the difference in the quality of antenatal care service and management of PIH between the study areas. Similarly, there was higher risk of delivering low birth weight and preterm newborn babies among women with PIH compared to normotensive women, this might be due to intrauterine growth retardation as a result of placental insufficiency and due to the interventional delivery being carried out irrespective of the gestational age, especially on eclamptics to prevent further maternal and perinatal morbidity and mortality. Complications from preterm birth and low birth weight are the leading cause of child deaths every year, accounting for nearly one million deaths globally. Thus, preventing and/or managing PIH should become as one of the priority ways of reducing the risk of low birth weight and preterm births as well as their associated consequences. Additionally, to improve the outcome of those premature newborn infants, health care providers should strengthen kangaroo mother care including thermal care (skin-to-skin contact), family support for the mother-infant, exclusive and frequent breastfeeding.
In addition, the incidence of birth asphyxia among newborn babies born from women with PIH was 39.6%. This finding was higher compared to studies conducted [24, 26, 40, 41, 43] . Additionally, the risk of birth asphyxia among newborns born from women with PIH was higher; this might be related to a decrease in the uteroplacental blood flow resulting from increased blood pressure [28] . Also, the risk of preterm birth of babies among women with PIH might be vulnerable to the immaturity of muscle tone and reflex irritability. In premature newborns, the lungs may be deficient in surfactant and this makes the lung more difficult to ventilate. Hence, neonatal resuscitation skilled health care providers should be assigned to every delivery service. In addition, all necessary types of equipment needed for resuscitation should be ready at every delivery by anticipating the risk of birth asphyxia among women with PIH since newborns that do not start breathing on their own by 1 min after birth should receive positive pressure ventilation with room air by a self-inflating bag and mask. Further, the incidence of small for gestational age of newborns was 36.7% among women with PIH. This was higher than the study reports from Ghana (6.3%), Madagascar (25.7%), and South Africa (17%) [40, 44, 45] . The difference across studies might be related to the utilization of antenatal care services across countries. For instance, a study conducted in Ghana indicated that a higher proportion of pregnant women were completed four or more antenatal care visits compared to a study conducted in Ethiopia (41.3% vs 33.0%) [46, 47] . Moreover, the risk of small for gestational age newborns was higher among women with PIH; this could be related with intrauterine growth retardation due to a decrease of uteroplacental blood flow and the development of ischemia in women with pregnancy-induced hypertension. Thus, women with PIH should attend their delivery in facilities having neonatology skilled professional and necessary material for managing small for gestational age babies. Additionally, health care providers should provide immediate and adequate care for newborn infants with SGA to prevent further adverse effects of a newborn like hypoglycemia, hypothermia and feeding problems.
In this study, approximately one-third (28.8%) of the newborns delivered from women with PIH were admitted to the neonatal intensive care unit (NICU). This Fig. 2 Adverse perinatal outcomes among women with PIH (n = 260) and normotensive pregnant women (n = 522) in Tigray Regional State, Ethiopia 2019 finding was higher than studies conducted in Iran (13%) and Minia maternity hospital, Egypt (18.8%) [30, 48] . The higher risk of newborn baby admission to NICU among newborns delivered from women with PIH compared to newborn delivered from normotensive women could be related to the higher adverse effect of PIH on low birth weight, birth asphyxia, and preterm births.
The incidence of stillbirth among women with PIH in this study was 10%. This result was more or less consistent with the study conducted in Mizan Tepi, Ethiopia (9.1%) and Mettu, Ethiopia (10%) [27, 49] , but the finding of this study was higher than the study conducted in Zimbabwe (5.4%), Ghana (6.8%) [23, 40] . This difference could be due to the difference in the quality of antenatal care and obstetric care service among health care institutions. The increased risk of stillbirth among women with PIH might be related with the effect of decreased uteroplacental blood flow and placental ischemia related to PIH which compromises blood flow to the fetus [50, 51] .
Similarly, the result of this study revealed that perinatal death occurred in 15.0% of women with PIH. This finding was more or less consistent with the study conducted in Mettu Karl Referral Hospital, Ethiopia (12.04%) [27] . However, the finding of this study was higher than a study conducted in Ghana (10.6%), Port-Harcourt, Nigerian (7.6%), Madagascar (8.7%) and University college hospital, Ibadan (10%) [40, 52, 53] . The difference in the incidence of perinatal death across studies could be due to the difference in the quality of care for antenatal care, intrapartum and newborn care among health care facilities. This finding is far higher from the targeted global plan of sustainable development goal (SDG) to reduce neonatal mortality to less than 12 per 1000 live births and national health sector transformation plan to reduced 15/1000 live births [54, 55] . This indicates the necessity of Ethiopia federal ministry of health and Tigray regional health bureau to strengthen maternal and newborn health care in order to achieve the targeted global and national SDG plan by focusing interventions on the determinants of perinatal mortality such as pregnancy-induced hypertension.
The prospective nature of the study considered as a strength of this study in reducing the incompleteness of data and less bias in misclassification due to the prospective evaluation of exposures and outcomes. We have enrolled the participants at 28-35 weeks of gestational age. The reasons why we did not include women who developed PIH before 28 weeks in this study were; i) the number of women who develop PIH before 28 weeks is likely to be very small [10, 56] ; ii) those women who develop PIH early could be more likely to have more complications and this might overestimate the rates of complications in the PIH group [56, 57] . Similarly, the reasons to exclude the pregnant women after 36 weeks was; i) to see all adverse perinatal outcomes over a long period of time before the mother gives birth, ii) another reason was also due to the management protocols of PIH, after 36 weeks of gestational age obstetrician could manage with elective/emergency cesarean section [58] , so this condition may underestimate the adverse perinatal outcomes especially stillbirth.
As a limitation, matching criteria were not used to identify normotensive women this could reduce the comparability of the outcomes, the tertiary hospital in Tigray regional state was not included in this study; this might have some effect on the burden of adverse perinatal outcomes of PIH.
Conclusions
Higher incidences of adverse perinatal outcomes occurred among women with pregnancy-induced hypertension in Tigray regional state, Ethiopia. Pregnancyinduced hypertension was associated with a higher risk of adverse perinatal outcomes such as low birth weight, birth asphyxia, small for gestational age, preterm delivery and perinatal death. Tigray Regional Health Bureau and district health offices should use this evidence to improve perinatal health outcomes in collaboration with other stakeholders. In addition, health care providers should strengthen the primary and secondary prevention, early diagnosis and prompt management of pregnancy-induced hypertension to reduce the incidence of adverse perinatal outcomes of pregnancy-induced hypertension. This study addresses women diagnosed with preeclampsia, eclampsia and gestational hypertension between 28 and 35 weeks of gestation. Hence, we recommended researchers to conducted further study about the effect of early (before 28 wks) and late (after 36 wks) pregnancy-induced hypertension on the adverse fetal outcomes.
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